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Learning a Foreign Language from a Busy Person's Perspective

— Part 3 : Observations from the First Year —
John GATES®
This paper summarizes the progress, difficulties and major observations from the first year of
learning Finnish. The major observations were the importance of using various types of learning
resources, having structured study time and previously presented observations of mastering the
pronunciation and the effectiveness of Lorayne's memory method for learning vocabulary.
keywords: English education, Finnish, Farber's method, foreign language learning, Kosen,
Lorayne’s memory method, pronunciation
1. Introduction
It has been proposed [1] that English language teachers should try to learn a new foreign
language in order to experience the difficulties that College of Technology (Kosen)
students have in learning English. These experiences should help the teacher to find an
optimal method for teaching English. As an experiment, the language learning method
proposed by Farber [2] was chosen for learning Finnish. After studying Finnish for six
months it was observed [3] that the most important first step is to master the
pronunciation, that Lorayne’s memory method [4] is effective in remembering new
vocabulary and the major difficulties are a lack of time and motivation.

This paper summarizes the progress of the teacher learning Finnish for an
additional six months and the two major observations made during that time. These
observations are that using various types of learning resources at the same time is very
useful and that structured study time is necessary in order to progress at a faster rate.

2. Progress Towards the Goals

In a previous paper [1] the fluency targets were set for the four basic skills. The reading
target is 200 words in 5 minutes with 70% comprehension. The listening target is 50%
comprehension of a newscast. The speaking target is 30 minutes of general conversation
and the writing target is 200 words in 20 minutes. Also the first five chapters of the
grammar textbook should be studied.

Table 1: Fluency level achieved

Skill % (first 6 months) | Achieved (last 6 months) % (last 6 months)
Grammar 0% First 2 chapters 40%
Reading 0% 0 words (Did not read any news articles) 0%
Listening 5% 30% comprehension of the textbook’s CD 7%
Speaking 2% Approximately 2 minutes of conversation 7%
Writing 0% 0 words (Not attempted) 0%

Table 1 shows the approximate fluency levels achieved in the last six months and

*Department of Liberal Arts (English)
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compares them with the fluency levels attained in the first six months. Although Table 1
shows progress in 3 of the 5 categories, the rate of progress is extremely slow. This
further validates the conclusion of the previous paper [3] that sufficient time is not being

allocated to the study of Finnish.

600
500
400
300
200
100

Study Time (Min)

Week 3
Week 5

A Hidden Moment: Reading while eating Hidden Moment: Listening while working
E Hidden Moment: Studying while waiting Regular time: Studying
[ Regular Time: Making Flashcards

Fig. 1: Studying time and type of study per week
The amount of study time and type of study for each week for the entire first year is
shown in Fig. 1 and is divided into two sections of 26 weeks. From the figure it can be
seen that in the first half of the year there were more weeks with more than 300 minutes
of study (5 weeks to 3 weeks) however in the first half there were also more weeks with
no study time (11 weeks to 7 weeks). This suggests that the motivation to study is
increasing and becoming more of a habit.

Table 2: Classification of study time

First 6 Months Last 6 Months

Total (Min) | % of Total | Total (Min) | % of Total
Hidden Moment: Reading while eating 730 18.81 119 3.05
Hidden Moment: Listening while working 2100 54.11 1575 40.34
Hidden Moment: Studying while waiting 280 7.21 1354 34.68
Regular Time: Studying the textbook 656 1691 600 15.37
Regular Time: Making flashcards 115 2.96 256 6.56
Total Time 3881 3904

The data shown in Fig. 1 has been summarized in Table 2. From this table it can be
seen that the total study time for the first six months and the last 6 months are almost
the same. Also the amount of time spent in formal study is also approximately the same
(19.87% to 21.93%). However, the most obvious difference is that the amount of study
time of listening while working and reading while eating have decreased from 72.92%
of the total study time to 43.39%. On the other hand the amount of time spent studying
vocabulary written on flashcards while waiting or traveling has increased from 7.21% to
34.68%. The reason for the increase is that the central pillar of Farber’s language

learning method is to study flashcards whenever possible. The increase in motivation
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coupled with the increase in studying flashcards suggests that Farber’s method can be
used by busy people.

Table 3 summarizes the vocabulary and grammar test scores for each chapter of the
textbook and shows that 131 words and phrases were remembered with 79% accuracy
in the first six months. However, with the increased amount of time used to study
flashcards the number of words studied in the last six months increased to 206 words
and phrases with approximately 90% accuracy. Also a score of approximately 95% was
achieved on the grammar tests at the end of each chapter of the textbook. These results
further verify the effectiveness of Farber’s method.

Table 3: Vocabulary and grammar test scores

Chapter Words & | First test: Eng. | Second test: Eng. | Third test: Finn. | Chapter
(half year) Phrases to Finn. (%) to Finn. (%) to Eng. (%) Test
Intro. (1** half) 131 79% 98% 95%
Ch. 1 (2" half) 111 89% 99% 99% 94%
Ch. 2 (2" half) 95 90% 99% 99% 95%

3. Observation 1: Using Various Types of Learning Resources is Effective

From Fig. 1 and Table 2, it can be seen that there are three different types of “Hidden
Moment” study time. One type is “Listening while working” and means listening to the
CD for the textbook while doing something else. In this way many conversations are
heard with not much understanding because the material has not yet been studied.

The next type of “Hidden Moment” is “Studying while waiting” which means
studying flashcard with unknown words and phrases taken from the textbook. However,
since the sounds of the words have already been heard many times usually only the
meaning needs to be remembered thus increasing the speed of learning the vocabulary.

The last type of “Hidden Moment” is “Reading while eating” which means reading
the textbook [5] or grammar book [6] while eating. This further builds on the phrases
that were learned using the flashcards because while reading it is easy to understand
which grammar rules are responsible for the changes in the words.

For example consider the phrase “Hén opettaa kemiaa,” which means “He teaches
chemistry.” This phrase was heard many times while listening to the CD. However,
since this phrase comes from Chapter Two in the textbook it wasn’t studied until the last
six months. Even after remembering the phrase the grammar points in the phrase
weren’t understood until they were read in the grammar book. The main points are the
31 person singular construction of verbs which is taught in Chapter Three of the
textbook. In previous chapters it was taught that “mind opetan” means “I teach” and that
“sind opetat” means “you teach” but that “hén opettaa” means “he teaches” had not yet
been studied. Also, the noun “chemistry” is “kemia” with only one “a” at the end,

[P

however when it is used in a sentence like this it is changed to “kemiaa” with two “a”s
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at the end because this is the “partitive” case of the noun and this was learned by
reading the grammar book [6]. In this way a lot of language can be learned without
using actual study time.
4. Observation 2: Structured Study Time is Needed for Faster Progress
One of the major differences between a Kosen student learning English and a teacher
learning Finnish is that the student is required to attend about 4.5 hours of English
lectures per week. On the other hand, the teacher learning Finnish has no structured
study time. Also, from Table 1 it can be seen that the progress towards the goal of
fluency in Finnish has been proceeding very slowly and the distribution of study time
shown in Table 2 reveals that only 15% of the total study time or about 10 hours in the
past six months has been spent in concentrated study. If the teacher schedules regular
study time and keeps the schedule the conditions will more closely resemble those of
the student and the progress should proceed at a faster rate. Therefore, during the next
six months, the effects of scheduled study time will be examined.
5. Conclusion and Future Work
This paper has summarized the progress, difficulties and major observations from the
first year of learning Finnish. The major observations were the importance of using
various types of learning resources, having structured study time and previously
presented observations of mastering the pronunciation and the effectiveness of
Lorayne’s memory method for learning vocabulary.

For future work, the study of Finnish, including structured study time, will be
continued and further observations will be recorded. By analyzing this data, new ideas

should be generated that can be used to improve Kosen English education.
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How do we teach the Fukushima Daiichi nuclear disaster at Kosen ?

Shinji MAEDAN

The 2011 Tohoku earthquake and tsunami caused the Fukushima Daiichi nuclear disaster. I

lectured my students on the Fukushima Daiichi nuclear disaster in physics classes. In this paper, the

details of the lectures given by the author are reported. I also show the results of a questionnaire

that was taken in the lectures.

Keywords : the Fukushima Daiichi nuclear disaster, Kosen, physics classes
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The Development of Measures for Small Business Collaborative Organizations in Post War Japan

Keiichi ASANO

In the past, research concerning Cyisho Kigyo Kyodo Kumiai Ho (Small and Medium-Sized

Enterprise Cooperatives Act of 1949) focused its progressive ideas in relation to new, tough

antitrust law. However this paper concentrates on the occupation period during which small

business policy embraced a mixture of some ideals and aims to demonstrate that:

1. The Ministry of Commerce and Industry and the Small and Medium Enterprise Agency
skillfully absorbed the instructions from GHQ/SCAP;

2. Small business wanted cartels as before because it was difficult for them to seek practical

benefit from this new cooperative system.

Keywords : small business, small business policy, cooperative
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On the History of Science and Technology Policy in China, Part 1.
Yutaka KAWAMURA

This paper discusses the history of Science and Technology Policy in China from 1959 to
1976. Chinese Science and Technology Policy and the Plans started out as the emergency
countermeasures for the nuclear weapon of USA and USSR at 1950s. On the other hand, most
of the plans experienced resistances from the Big Breakthrough Movement or the Great Culture
Revolution. They successfully got the nuclear weapon and ICBM, but many of Chinese Science and

Technology Plan did not progress at all. In this paper I pointed out the factor of these bilateral

characters.
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B2 A T R CRM FEIKF CEXLLEO RN EZHAE N O VBURTIL, fkBEL TRETI5E, REME
EHERMLIC LT, BUFOR G- TGO G-LDNT U Ama T H LR PEIEH 2O TIERVNEEF T E L TND.
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Fukushima Daiichi Nuclear Accidents and Virtues of Engineers
Koji KAWAKITA

Fukushima Daiichi Nuclear Accidents will let us consider much about indispensable ethics
and virtues for engineers and citizens in general. Some writings including those by professional
engineers, scientists, and others are in order. Especially, late Hal W. Lewis, a famous American
physicist, who wrote the book “Technological Risk” in 1990, should be correctly evaluated and duly

honored in his anti-complacency virtue-orientation.

Keywords : Fukushima Daiichi, Risk, James Lovelock, Harold W. Lewis, Engineering Ethics
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The climate scientist James Lovelock said

the problems in Japan should not put people

off nuclear power. “There is a monstrous

myth about nuclear power. I would make a

strong guess that of the tens of thousands of

people killed in Japan, none of them will be
from nuclear power.” He said that people
were “prejudiced” against nuclear power
unreasonably. “It is very safe,” he said.
Chernobyl, for instance, was “an 1idiotic
mess-up that could only have occurred in the
Soviet Union”, and according to UN
estimates had killed only about 56 people.

More people are routinely killed in oil

refineries and coal mines, he pointed out. He

added that the reactors affected in Japan
were among the oldest still operating, and
that newer plants had more safety features.
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(i : 19-20 H)

A low probability means only that; it does not

mean that an event will never happen or can

somehow be avoided. Acceptance of the fact

that small probability doesn’t mean zero

probability is the beginning of understanding.

In the case of nuclear war, one has to believe

that the probability is precisely zero to insist
that efforts to
consequences are misguided. Even though we

mitigate the potential

all hope and work to avoid such a catastrophe,

it is wishful thinking and a kind of arrogance
to_assume that success is guaranteed, and

that we need not contemplate failure.

According to the Rogers Commission report,
that kind of misunderstanding of probability
contributed to the loss of the space shuttle
Challenger in 1986.
(FRERZ Y & © 15716 H)
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(F3E : 48-49 H)
Up to this point, this chapter has probably

(and not surprisingly)appeared one-sided, as
if all the sins in the politicization of the risk
have been committed by the anti-technology
elite. Unfortunately, that is not so. The
counterpoint to the politics of ignorance is the
politics of complacency; embraced by more
than a few of the guardians and keepers of

risky technology. The very low probabilities
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that go with some of the more unlikely
threats to our health and welfare---nuclear

accidents, nuclear war, the greenhouse effect
(high probability in the future, but just
beginning), etc.---can be misleading. The fact
that the disaster has not yet come has led all
too many to believe that it never will, and to
relax. It is not easy to maintain vigilance
when major accidents never occur, especially
when the most strident prophets of doom are

demonstrably uninformed, or even worse.
Ignorance on the one side and complacency

on the other (especially when combined with

mutual contempt) are twin threats to the

rational management of risk.
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(& 225 H)
He is also a supporter of nuclear power, while

an advocate of more focused attention to

nuclear safety. He is therefore viewed by his
pro-nuclear friends as too_anti-nuclear, and

by his anti-nuclear friends as too pro-nuclear.

C'est Ia vie.
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JFEE . 228-229 )
The art of probabilistic risk assessment is
most advanced for nuclear power, so we can
calculate the probability of a major nuclear
accident tolerably well.....The best current

estimates for American reactors are that the

probability of a core-melt accident is about

one in ten thousand, per reactor-year, and the

chance of a major release of radioactivity to
the environment is a tenth or a hundredth of
that. If these numbers are taken seriously, a
core melt would be expected about once every
hundred-odd
reactors now operating. There is no way to

hundred years among the
predict with any confidence whether or not
there will be a core melt before the turn of the
century, because the art of prediction isn’t
that good. Probably not, but no promises.
.with the
announced safety goals of the

/The numbers are consistent...
Nuclear
Regulatory Commission, but should of course
salt. The

uncertainties are large. As time goes by, and

be taken with a grain of

with wisdom and experience accumulate, we
will know more.
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231 H)

The accident began mechanically, was helped

along multiple human errors, and was an
inevitable consequence of complacency. An
industry that had never known an accident

had come to believe it was impossible. Sound

familiar?

(GRERZ Y AT : 206 H)
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(5E : 232 H)

There seems to be no therapy or prophylaxis

for complacency, nor for the ills of a mature
technology, except the sobering experience of
If a

an accident

frequent non-catastrophic accidents.

probabilistic study predicts

probability that is not zero, and no
responsible study will do otherwise, that
means that the accident will happen---the
only useful question is when. Failure to
appreciate that can be damaging to the
nation’s health and well-being.
(FREFZ M T : 206-207 H)
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One further observation, dear to the author’s
(....) It would have rated a full

heart.

NTSB-type treatment from impartial experts,

(

to _squeeze all possible lessons from it as

dispassionately as possible. An institutional
structure for doing that sort of thing had
been proposed two years before the accident,

but was of course successfully resisted by
NRC. (One of the arguments given at the
time was that such an _organization would
have nothing to_do, because there are no
nuclear accidents.) Many events later, both
small and large, there is still no such
independent review body, which means that
there exists no one with the responsibility to
assess how well the regulatory organization,
the NRC, is doing its job. The anti-nuclear
people have no credibility, since their avowed
objective is not to improve safety but to shut
down nuclear power, and the NRC can hardly

be relied upon to police itself. And Congress
is no help./So whenever there is a disaster

that the
President will appoint a special presidential

commands public attention,
commission to review it. This will always
result in severe criticism for the operating
organization, criticism that will fade with
time after the commission is disbanded.
Complacency will then be allowed to return,
and business-as-usual restored. Self-criticism
doesn’t come easily to humans. After Three
Mile Island, President Carter tried to
maintain some level of surveillance by
appointing a President’s Nuclear Safety
Oversight Committee, but President Regan
allowed it to die quietly. The most plausible
explanation for the uncoordinated complexity
of the nuclear regulatory system is that, deep
down in their hearts, many participants still
don’t believe that a major damaging accident
is possible. They are wrong.
AIERZ M T - 207-208 H)
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(3 : 237-238 H)

If there is a Chernobyl-like nuclear accident,
what is the real threat to the public? The risk
comes from the release of radioactive
materials normally confined in the core of the
reactor, which is in turn enclosed by the
familiar dome-shaped containment building

(++++) .The radiation is lethal stuff, not that
a whiff of it will drop you in your tracks, but

for the reasons mentioned at the beginning of
the chapter---radiation can cause cancer. /The
most important emergency-management

issue in the event of a major nuclear accident
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is clear: to minimize the exposure of the
public to radiation. In the worst cases one

would also need to protect the food and water

supplies, and deal with land recovery and

cleanup. Smaller exposures to radiation do
less damage, and there is a point below which
the damage, if any, is beneath notice./ The

first axiom about the management of a
nuclear accident (and most other

emergencies) is that we shouldn’t worst-case

ourselves out of a solution; we shouldn’t base

all our planning on the worst things we can
imagine. They are at least likely, and

planning for the worst can leave us
unprepared for reality. Imagine a fire
department spending all its training, and
purchasing all its equipment, to fight a major
“towering inferno” fire in a hundred-story
skyscraper. The firemen would go through
life waiting, and would have trouble dealing
with the wastebasket and garage fires that
are everyday events for a typical fire
department.
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A Program of Learning Methods of Mathematics to Early School Year Students
Jin HATOMOTO, Shiro SAITO, Keiko HARAI, Takuya FUJIKAWA

Abstract. In 2010, we had a program of learning methods of mathematics for early
school year students to teach the learning methods to our students. We emploied part-
time lecturers teaching the learning methods mainly to the students and opened a
mathematical counseling room for the purposes. This paper reports the results of the

program.
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Upper bounds on large deviations for diffeomorphisms
with weak hyperbolic product structure
Jin HATOMOTO

BE
[16] i, [13]THEA L7255 IAHEE 2 b D MM %1233 Alarge deviation & moderate deviation
DL IENW % ERFELiZ /R Lz, 2o ofRo AL, AR g i 73 l: L - REEGA O %
5 —Hkfi/N i 2 S O R FMER TH D, ARTiEENns 28
In [16], we have established polynomial upper bounds on large and moderate deviations for
diffeomorphisms with weak hyperbolic product structure studied in [13]. Applications for our results are
some partially hyperbolic diffeomorphisms of which restriction on one dimensional center unstable direction
behaves as a Manneville-Pomeau map. In this paper, we report several results of [16] .

1 EHER

M Znku) =< ZRRIEETD (n>2). [ M OFMOFAHEESRETS.
DALy ¢ M DBBAREABTHD LT, 2,y e yITRHLTA(f (2), f"(y)) =0
(77 — 00) WIALTH 2L THDH. HWDIALMEy C M HABREATRTH D &1T, v,y €4

?TL“C(](}C”( D, () = 0 (n = 00) WILT HZETHL. H K C MITH LT
= {7"(2) boer ¥ K-8 O BAREARZE TH D L1

#1 ke NAFELT D" % RF (Fk € N) OH LA E 5.
*2 O K* x D" — M IR OVEE & 7=
(i) ®": K* x D" — &"(K* x D) IZ[RfHEHR TH 5,
(i) 2 — O yxpu & K2 205 Emb' (D, M) ~Oi#fE 544 ThH 5,
(iii) v () = O ({2} x D) IIW/ALEMETH D,
Z 2T, Emb' (D, M) X D" HMA~O CHRDIAZERE L, CUYIEEZ SO L D LT 5.

FIBEIC LTHRA K 1ot LT K@i O BREMBEDL ERSN5.
O N (K0, K)-TEREE S b5 L 1% Kot O BRI T = {1"(2)}oer- &

K538 O 38928 PR T = {~%(2) Yoercn IMEIE LT

(i) dimy” + dimy* = dimM;
(i) y-disk 1 ~-disk IZBEBTIIC AR Y 2 6 OO EIZ0 TRWERZETH S
(i) 45 4" 1345 ITHE— TR DY

(iv) A= (Uq") 0 (Uy).
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S Mdet(D e/ S 1det(Dpro) )]
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Occurrence of Cavitation in an Axial-Flow Pump and Wavelet Analysis of
Wall Pressure Fluctuation and Casing Vibration Caused by Cavitation

Sumio SAITO, Gaku HIJIKATA

The use of more compact and faster pumps increases the risk of cavitation, which degrades pump
performance and causes vibration, noise, damage, and other various phenomena, posing serious
problems in pump operation. The relationship between the occurrence of cavitation in pumps and
pump performance has been extensively studied for pumps of a wide range of specific speeds, from
centrifugal to axial-flow pumps. The findings have been applied to the design of pumps required to
provide high suction performance. For axial-flow pumps with an open impeller, the blade-to-blade
pressure fluctuation due to cavitation directly causes casing vibration and produces external noise.
Thus, it is extremely important to understand the detailed mechanisms of cavitation occurrence
and development. It has previously been discussed that changes in the performance of axial-flow
pumps with the development of cavitation are closely related to changes in flow conditions at the
inlet and outlet of the impeller and that wall pressure fluctuations are strongly associated with the
occurrence of cavitation in the tip clearance region.This paper presents a wavelet analysis of wall
pressure fluctuation and casing vibration caused by cavitation in an axial-flow pump that allows
easy observation of cavitation. It closely examines spatial and temporal changes in the pressure
fluctuation waveform at each portion of the flow channel from the impeller inlet to the impeller
outlet. This paper also suggests that there is a characteristic bandwidth useful for detection of
cavitation in the tip clearance region.

Keywords : Axial-Flow Pump, Cavitation, Pressure Fluctuation, Flow Induced Vibration, Wavelet Analysis
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Table 1|  Dimensions of test impeller
Item Dimension
Tip diameter D, [mm] 144.4
Hub diameter D, [mm] 63.4
Hub — tip ratio 0.44
Number of blades 4
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Effects of the Air Volume in Air Chamber on Water Hammer Pump Performance
and Flow Behavior in the Valve Chamber

Sumio SAITO, Masaaki TAKAHASHI, Yoshimi NAGATA, Takuya IWAMURA
Keita DEJIMA, Takahiro YAMASHINA, Gaku HIJIKATA

Water hammer pumps can effectively use the water hammer phenomenon in long-distance pipeline
networks that include pumps and allow fluid transport without drive sources, such as electric motors.
The results of experiments that examined the effect of the geometric form of water hammer pumps
by considering their major dimensions have been reported. However, these conventional studies
have not fully evaluated the pump performance in terms of pump head and flow rate, common
measures indicating the performance of pumps. The previous paper experimentally examined how
the hydrodynamic characteristics were affected by the inner diameter ratio of the drive and lifting
pipes, the form of the air chamber, and the angle of the drive pipe. This paper proposes the effect
of air volume in air chamber that affects the hydrodynamic characteristics and operation conditions
of the water hammer pump. It also clarifies the behavior of flow in the valve chamber during water
hammer pump operation.

Keywords : Water Hammer Pump, Fluid Transients, Performance, Pressure Fluctuation, Velocity

Fluctuation, Flow Visualization
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Prototyping of Photosynthetic Bio Fuel Cell by using Purple Photosynthetic Bacteria
Akira KAKUTA

It is necessary to advance the solution of environmental problems such as global warming etc.
There is an attempt that applies the photosynthesis of the plant to the power generation function as
bio-fuel cell. That cell is possible to become the one of solutions of the environmental problems. This
study was tried to make the fuel cell which generated the electricity by the photosynthesis of the

purple photosynthetic bacteria. The power performance was clarified by the experiment. This study

aims to obtain a basic finding for the practical use of a bio fuel cell.

Keywords : Bio fuel cell, Purple photosynthetic bacteria, Photosynthesis
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Fig. 1 Purple photosynthetic bacteria on Si
wafer observed with optical microscope

Table 1 Composition of culture medium

Chemicals Qoncentration
(weight / volume %)
Polypepton 0.5
Yeast extract 0.1
Sodium succinate 0.5
Basal salt solution 1.0

Generated current

Fig. 2 Power generation principle of
photosynthetic bio fuel cell
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Fig. 3 Appearance of photosynthetic bio fuel cell

Table 2 Specification and production methods of fuel cell parts

75

Parts Material Size [mml] Method
Cutting by band saw
Cover Acryl 50x 50x 5 and drilling by
drilling machine
. o Diameter; 24
O-ring (silicone ]
Chamber ) Commercial product
rubber) Thickness; 4
Crimpi tals,
Cu. Fo. AL T Metals; 40 x 50 fl(;n}?mf m? as
solid high-polymer
MEA e AL A Solid high-polymer | . sAPOY
(Membrane - Nafion Filme: 40 x 40 film and carbon-cloth
Electrode - Assembly) Carbon cloth Carbon cloth; by hot-press (140
degree, 50 kgf/cm?,
35 x 35 .
2min.)
Cutting b
Current collector Cu . utting by
wire-cut-EDM

Fig. 4 Photo of photosynthetic bio fuel cell
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Duzital Picoammeter

Digital Resistance Photosynthetic
Multimeter (1kQ) Bio Fuel Cell
|

Fig. 5 Connection diagram of performance

evaluation system
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(c) Concave groove with pitch 40um
Fig. 6 Experimental result of Bio fuel cell
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New Twist for Micromechatronics in Tokyo KOSEN
—3rd Report, Applying to Micro machining —

Akira KAKUTA, Susumu TARAO, Hirokazu SAITO,
Hirotaka TSUTSUMI, Jyo SHIMURA

EZ 12 L= LY

Micro & nano level and mechatronics are one of the important technologies in the mechanical
engineering field of 21ct. This study tried to found the MEMS technology in Tokyo KOSEN. This
report were investigated to be applied laser process to generating micro 3D structures like micro
hole, micro line, micro concave groove and so on. Micro 3D shapes could be manufactured on
the material surfaces on both a hard material such as metal and a high-polymer material such as

polycarbonate.

Keywords : MEMS, Micro machining, micro structure
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Table 1 Specification of laser light source
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Fig. 1 Schematic diagram of laser machining

apparatus

Table 2 Physical property of specimens
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Fig. 2 Definition of defocus dimension
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Fig. 3 Evaluation of concave groove
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Fig. 6 SEM image of laser processing of Cr thin film

Table 3 Results of laser processing of Cr film
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Visualization of Strain and Application to Defect Detection Using Piezoelectric Film
Shigeru KUROSAKI, Shun KIKUCHI, Amito HARA, Hiroyuki NIKKUNI

The purpose of this study is to develop the sensor which shows the size of the strain in the
color and to examine the possibility of the defect detection using developed sensor. Developed
sensor utilized the polymer piezoelectric film. The principle of color appearance is as follow. The
piezoelectric film generates voltage. The voltage is converted into a heat. The heat is converted
into the color. We inserted virtual defect model on the test piece. The test specimen which put on
piezoelectric film was applied cyclic load. It was found that the output voltage of piezoelectric film
is proportional to the applied stress amplitude. In conclusion, the color changed by applied stress
is made to correspond to the strain value and we were able to show the possibility of the defect
detection by using developed sensor.

Keywords : Stress-strain Measurement, Experimental Stress Analysis, Piezoelectric Film, Experimental

Mechanics, Stress Concentration, Nondestructive Inspection
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Table 1 Properties of piezoelectric film®@

Thickness| Density |Young's modulus|Tensile strength
Unit M m x 10%kg/m° GPa MPa
Value 28 1.78 2 140~210
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Fig.8 Photo. of electro-hydraulic servo fatigue
testing machine and piezoelectric film
on a test specimen
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Measurement of Strain Distribution on Adhesive Bonded Part using Piezoelectric Polymer Film

Jyo SHIMURA, Katsuya ARITA, Shigeru KUROSAKI

Piezoelectric Polymer films (PVDF films) have features of high output voltage, linearity for
dynamic loads, and flexibility that the film geometry can be changed freely. The film is available as a
sensor with neither power sources nor amplifiers. In this study, the strain distribution near adhesive
interfaces is measured in the two following methods —one with PVDF films and the other with strain
gauges — for comparison. In addition, FEM analysis is carried out to confirm the strain distribution at
adhesive bonded part. The effect on measurement accuracy is investigated both by epoxy adhesive
and conductive adhesive as glue on the joint specimen. As a result, the strain measurement method
using PVDF films was also applicable in joining problem by adhesive, and it was proved that the
tendency of strain distribution measured with PVDF films bonded by conductive adhesive is similar

to that measured with strain gauges.

Keywords : Piezoelectric polymer film, Strain distribution, Adhesive bonding, Conductive adhesive
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Fig.6 Model for analysis of adhesive butt joint

Table 1 Material properties of adhesive and adherend

Young’s modulus | Poisson’s ratio
E [GPa] v
Acrylic
adhesive 1.0 0.39
Adherend
AG063 69 0.33
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An Approach of Mechanical Engineering Related Course for Local Company Engineers

Susumu TARAQV,
Chiuta KAMATA?,

Katsumi FUKUDAY, Jyo SHIMURAY,
Tomohiko OHTSUKAY, Tomoyo MITANI® and Keiichi SASAKI®

Hiroshi FUJINO?,

An experience-based education course for regional engineers around Tokyo National College
of Technology has been planned and performed in 2009. This education course program was
commissioned by Hachioji city, and designed for learning basic of mechanical engineering through
several themes of mechanical design and analysis. Those themes which were decided based on
aiming to keep students' motivation high, include practical mechanical drawing (3DCAD and hand

drawing) and practical mechanical analysis (structural analysis and motion analysis)

. Based on

the above, this paper presents the approach, the progress and the result of the education course

program.

Keywords : reeducation, experience-based education, mechanical engineering
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Effects of Crystal Orientation on Martens Hardness of Single-Crystal Silicon in Nanoindentation Method
Katsumi FUKUDA, Mitsuo KOBAYASHI, Akira KAKUTA, Chika TAKAAZE

Recently, the devices have been progress miniaturization and ultra thin in kinds of fields,
especially microelectronic devices and information storage media. Therefore, their characteristics
are very important in engineering. However the measurement of near-surface is very difficult. In
this study, effects of crystal face on martens hardness of single-crystal silicon in Nanoindentation is
investigated.

Keywords : Nanoindentation method, Martens hardness, Single-crystal silicon, Crystal orientation

STV
24

1. ZUoIT

AR, R T ASA AR A T « 7, MEMS 72 &
%L DFBFTT S, ADORUIME - FiH b TN D, %
DI=DOIZ, B INEESCTRIF R & ORI T ORI
HEALNCT D EIXEEREEO—DTH D, FR,
TNA REOH E LTEHIN TV D HERV Y 22
D NTFERIEM BN Tl B 12002, F O EROREAT
DENZ L > TRADWELZRTZ LML TS .
AWFFETIE, #EkE LT 7 —485(100), (110), (111),
GIDND 4 FFEOHEL Y U 2 v EHNWT, 2O~V
TUAE TS A T Ty a B D E L.
Fo, EFAEERSESZ LI2LD, EEE-oms s hs
VLT AR SN RIE TR OV TR AR 7 RN
SN LT

2. FIAT T a ik
21 FIAVTFUTF—a B2

ek SFEBRTIL, WRORBREE e E T T
ZAAIR, fRE A BT LTI S D AEH D5
R & EORE SENFIAMBUC L - THPEBIZE L, S
S EAT o TN 5.

L, MHASENE A [ef] THIMERD~ A 7o
o 7 — AR SERBE T, MEORFREOHE, 22
—Z TN, ZAD TR E OB N ER A T S Z &%
W CTH 5. FTo, MaddZobrbraxtge & Lol SR T,
FABFEN KR EWGAIS, <IEREMHH D&%
(T 7)) PRETLZENRDY, WEITAENELD.
TS OREERRT D 720120F, HERO SHRERTEIC
AT, AL EE LV MUNZT DRSS, L,
FRA LA OB IMEIZ S TIEADH A XL LD /N &
7o TLEWY, RAMOESEHNET D 2 L ITREH /2
5.

RIS T A T T — 2 g ETIE, AR
10[gf]PA F BB ZTRE L TN AS, AT B AN IMT
25 LHRE DB AR LA T, <IFAOKRX S
N AL TSR 28805 5. T, IEREEE
WIREE CEBILE U GRS 2 IR O CIRA D &
bH. FIZT, FTIA T T—a 5T, ETFOMA
HATE & FHAZGE S & ORIfR & HEACHIE L CRIAGY
LHEERAL, BSFHEE T T D, ZOHFEOHA
1%, BRE LIHNAAATE (KA ) (CRIET 25 &
TOET OIAIE & AR S & ORIRE FRERSIT
— &L LTHEL TWA T, B S 4 5
ENAREND ZENTEDLNTHD. £, MR (v
VTER) ATOWT Y, B OME GRITBIAAEL OIFIFH
PR 72 2R ENCSRIE S D) (BT D IE - ORALFTE

LHRABE S & DRHRINGRKD D Z ENAFETH H.

Z D XD RPN e AT T L U N IASIR S L D
BRI O S ORI 1T O RBrE [ /A>T v 7—va
L (U I A R S5RER) | & RS,

22 WNTUAREE

FIA T T =3 AETIE, S OFHMEO DI
T DIHAF A & HHALIE S & ORISR 2 G E T
%. Figl IZHHADAE P L HABIRE h & DBHRO—4
BoRT.

h-]

Loadiy /

Unloading

Normal load P

[
|
I
Indentationdepth h h
Fig.1 Relationship between Normal load and Indentation depth

Fig.1 (%, #6231 OMHALGTE, Ml sekR ) &
DIETFOHHARRS THD. T, Z O BEMEEF A,
MR R, R R, AR (R RIAAE S i)
[ZOWTHEND Z EDNFRETH 5.

JET-% TR SERE A%, — &l CRREMEE T
AT 5. ZoREy A LS. EFORAL
IO E & BITHIARES HHINL TV &, BRERTE
VZEIEE LTz G, FRNIERE S AV R A nf
BT 5. ZoRHE (AR SRS, Wl
TRFftR, O EHEE CHIAALMTENE v OIRRBIZ 25 &
TR L COE, IALMENY 1 & 72 R TRl g
“T35. ZolfEsy [BRepEafE) LS £/, 22T
HEONTGEEHE D DET OIFIAAIRE I R KIZ 72>
To i TIROIAAIRE | LIRS, Fig2 IZRBRE O <13 A
DIRIEE T

* UL TEEMBFEMPE * ok TRFERT k& ok U T Em 55 M AR S om



98 HRU TSRS M AR e & (5843 (2) %)

Normal load
Wafer surface
( A (

Depression

N

Fig.2 Nanoindetation’s model

F AT T a BRI L YR BN A X fEE
[T U AES | RS, AR, S H OB
FRADE P % \ZHORMEFE S THRLIZRE WV, RO
RDAUT LV ERINLTNA.

H 5 Q2.1
F AT T = a PETIRIE T OMAS R E LR
AT S Z IS IET B 720, <IEROREAENTZ O
JETF-OWHAARES NSRS 22 L1275,
AFAHDORMERIT Z DOJET ORMEIER D S BRI
ERTDIENTED., T /AT T—va U ETHA
THEAT (vavyF) ETORE, BEAERN
115[deg] CH D728, < FAHORERE S ITRREWE Bk
FHAITE) OBRIRHIISIT BDIET-OMASES h 1D,
WDQR2RD L HITERSND.
S = 26431 22)
QDHRUZEYRXERAT D Z LITh Y, KOERI)ENE

bbb, P

T 26830

T T HM: < VT AT S [IN/mm?], P AT EN],
h A BABRES [mm] TH 5.

LY, =T AW SENE X HOFEMRE DIEF
DOIABIRS ZBR L CHEET A2 ENTE D, 2F,
SOMEERD HEEINL, EFOFHALGES 2V DN Ef
WCHET D0y, F72, JETOMABRIES S AFROEH
FEA WD IEREIC RN T 20 W EETH 5.

AfFETIE, HNUTL > TROLNDHESfEE~ LT
VAfEE (Martens Hardness : HM ) & L CaFlid 2 Z L1
L.

H = HM 2.3)

3. W

3.1 AREAEH

AR CHEA U7-30H T, AR 2finch] DHfG R U =2
TINT, BERANCT B Ry, =X )b, A AU ARHOK
(F7K) DIAIZA 5 Sy OB ERETF A1 TV, i S5 A
Fi Uiz, 728, AR THW= ) arvz oI T—
FBHU3100), (110), (111), BG3IND 4FHETH 5.

3.2 ARBEE

AFRBCIE, B INEALE SEREE sttt ) 4
=7 ZHENT-1100a) % AV 7=, Fig3 (L& ORI %=
7

Z OFREREE TRYE FRE R FRIA LT EEOHIFHIY,  10[mgf]
(9.8[uN]) ~100[gf] (980[mN]) ETTH Y, FHAAE S 1M
TESMRAEDS 0.3[nm] D D fRREFFEEA B NFHI L > T

BEHIES 2. ARBEE, JE T2 FR0CRE Lz e
AL B CRRABIRICHAL, 2 OFHALTE & E1-Off
IARRS & B CHIET 5 Z Lo kY, SEEREOM
SEFEE T 5.

BRI IS MERER IR B CHE Th A 72012, WD
ABREREE I Z B D IRB OB TN D EX TT—#
DIUFREAT T2, Tz, RPN E RO 1 S—CF
5 2 L CRAEE, BRI E T TG, BRI D
AN—NOFFPIKIR L TR EERENZ 0 28+ [CIRRE S 4
Tn5%.

AREREE O L7 E1E, BERIA LS 115[deg]D =4
FTUEFT, FNAZTEZ 98[uN]> 5 980[mN]DHiJH Tz
ERRETH D, T, FHALGESIE, HIESAFREDS 0.3[nm]
OES e EREE o Lo CHIELT

[ 2:=Ee

CCDAAZ
HRERZUH

|
-4 I
— XYZRT7—2
|
=4
IL—A4
#9290mm

Fig.3 Schematic drawing of Equipment

33 BRI
FPEFHEEETEE L, B A 5 L
TN L Z MRS 5. v IMTALE SF BRIz > ) =
VU INEFRE L, RE LT ATALREIC Lo TR 2R
ERTICHMAT e, 7 LC, ZFOIEOIMALGIE P & JE - OHf
IABIRE h & ORERD DX ENALSIE P2 HHHAA
WS hx (23) RRATDLZ EICL T T VA S
HM Z3Rb7=. 7083, 1l STRERILFISHC 5 [R50 L 7.

34 ARG

ARERCIL, ~ VT A S RIE TG S -<ohs s AL
DL BN 5201, Figd (R X 9 IZEFDlA]
AR E L, HHARRFOIET-% 0[deg)h b 360[deg] £
T 15[deg] B ZI0HE S WCHE STBR AT o 72, £, Al
TIIATHER] 10[sec]-ARAF05 R 1[sec]-BRMmEFRT 10[sec] & L,
TR 1T 28+ I [CINCREE LT

Silicoe wafer

Depression

\ Orientation flat

Fig.4 Indetation angle



R, K, A, BRSO YTy T =Y a VEICEDHEER YY) 3 ORIV T v ARSI AT T RS E O 99

4. RERFER M OBEE

Fig5~Fig8 (T, HEF DML ZZ 241 0deg],
30[deg], 60[deg], 90[deg] & L7=HAD, I T —Fa5AH3(100)
23T DIHALMGIE P EFHALES h & OFRERT. 2
D & = DI KA B FREFTIAZLE) P 1L, 0.1[mN],
0.5[mN], 1.0[mN], 5.0[mN], 10[mN], 20[mN], 30[mN],
40[mN], 50[mN], 100[mN], 150[mN], 200[mN]¢> 12 B¢

LT, AHETSEHE L.
2007
150 | /

0 500 1000 1500

Normal load P [mN]

Indentation depth /2 [numn]

Fig.5 Relationship between Normal load and Indentation depth:
Miller index(100), Indentation angle O[deg]
200

150 |

100 [

0 500 1000 1500

Normal load P [mN]

Indentation depth 7 [nm]

Fig.6 Relationship between Normal load and Indentation depth:
Miller index(100), Indentation angle 30[deg]

200

150

100

Normal load P [mN]

50 F

0 500 1000 1500

Indentation depth /i [nm]
Fig.7 Relationship between Normal load and Indentation depth:

Miller index(100), Indentation angle 60[deg]
200

150 |

100 |

Normal load P [mN]

s0 k

0 500 1000 1500

Indentation depth /i [nm]

S Fig.8 Relationship between Normal load and Indentation depth:
Miller index(100), Indentation angle 90[deg]

ZNEDOFERG, WTNOETOREEAEIZBNTY
HHAZAr E ORI > THRAINALIRES N2 2
LR, FHARMEEZZ(LESET-HAE TS, L7 FprER
T EDERTE S,

Fig9 |2, <~/ 7 VU AMES HM & FHARAE P & ORE%
ZEMAAE L /NT A—2 L UORT. BfRr Y ar oo
NDI T —HEEII100) TH 5.

20000

—O—0[deg]

00— 30[deg]
——60[deg]
—0O—90([deg]

» 15000

10000 P

Martens Hardness HM

5000

Normal load P [mN]

Fig.9 Relationship between Martens Hardness and Normal load:
Miller index (100)

ZIEY, =T A S ITHHARTE DS N SUOIRHZ LT
KEEAERTH, FHALAT RO L TR
L, 100[mNAETIXIFE—EDEERT Z L DHERTE
4. ZHUL, FALSFEROEIT Lo TLASHEIC I
TDH7 T I ORESINERDZDTHY, —EMEL L
12725 & UFAJETA~ZBANAEL, < /U7 v A SfEIC
WL NFTT-0EELXD. Ei, [ EFOREEREICL -
TYIT LV AEIINS DRI HH OO, BEERFZRITRD
5y 47AAN

Fig.10 {2, < 7 —4RE03100)CH1) 5~/ T o ARl &
HM EJET-OEHEAEE 0 & OBREST LiIABmEZ /37 A
—X L LORT

9000 ST

O50[mN]

o i

Eguoo §§8e§§§@§§888838§38039§

R R P LI E L LR

< 2 0

2 %éégﬁgéﬁﬁgégém Bgfatan

émm 6o g8§§8 g89@@8g558896
5000 _

0 60 120 180 240 300 360

Indentation angle @ [deg]
Fig.10 Relationship between Martens Hardness
and Indentation angle: Miller index (100)

IHEY, WTFNOMAANEICBWN T, [ET-ORER
LT Lo T LT 2 ARE S OB A L ) & )12 28 8)
LCNDZ e, EE, mSEBRICIE =47V ET
VTN D 72512, 120[deg]HBE CRBIAIZ[F U S il
BRI ENTRIEND D, EOFHALMTEIZEVT bk



Martens Hardness HM

100

T 120[deg][#IF@E T S DERZEL L TV 2
éné
Fig.11 12, < IE#0 SEM(Scanning Electron Microscope)5-
BEO—F T, AR EITEEAD 100[mN], HHEA
23 200[mN] T 5. 728, fFHRIT 8000 [ ThHsbH. Zivk
Y, ALY 100[mN]|OBETIE, < IERSEHNS D
77 w7 OFEITTE A EREETE VD, AW
200[mN]DEFEINE, IEBRISRNORERT T v 7 H3%
ELTWDZ ENHERTE S, £z, Figd kv, AL
T 50mN & Tld~ /LT A X DS 2PITAR T3 D ek
FHERRDOEND. ZOZ ek, v :/W::/\@Eﬁé
A RBHAAE T 5 Z L JWET A 720121, KA
ﬁﬁﬁﬂl%@MMTﬂﬁéf%ék%zé.

& DIHERR

Fig.11 SEM Photograph of Indentaition after experiment
(left:100[mN], right:200[mN])

2 CAMIE T, RRPHAZTE 100[mN] THRIE L,
2 T —$R5k100), (110), (111), G3D)DOHEHL D a7
TND~ VT AT S % iR L7,

Fig.12 12, fAAMTE 100[mNIZIBIT 5 ~1T o AT S
HM &JETF-OEERAE 0 & ORIRE I 7 —F558mIRd

F7z, Figl3 g, ¥4 vEL REEDOET VK OERT
BeFDET V7w

(100)
1

ﬁsooégg88§888898@88@8g@88§8%%

6000

7000

6500

6000 |

7500 |

7000

6500

6000

-

6500

oogug Ren gulaieiging?t =8

5500

0 60 120 180 240 300 360
Indentation angle #[deg]

Fig.12 Relationship between Martens Hardness and
Indentation angles : Normal load 100[mN]

PO TS S5 T M AT e s i (5843 (2) 75)

2 B

(a) Diamond structure (b) (100)
(c) (110) (d)(111)
(e) (111) other view () (331)

Fig.13 Crystal orientation of Diamond structure

Zhd&, (100) : O & (110) : @ILHEAIFRIFLE D~ LT
VABSEERLTCND ZERYND. ZHUCH LT,
(111) : CNE~ VT o AR SAEAS NS N T E D300 5.
iU, Figl3 O FEAIAZET 2 L, 11T Si R
FTHEE L TWAEINRH Y, ZIHET-Z AT RO
Pré 7, fhofhihm X @<L T A S iR LT
bLOEEZSL, £, (331) : WXL ik LT~
LT A SEIMENZ &S5035, ZAUZ, o R
FlE et b L, FARTOMAENDR, (1D X H 7%
A OEEL RN, [T E AT EEOHFTAMB O#E S,
ML VIR Ao 2 Z LITERNT D B 25,

5. £&0

F AT T g EE AW SJIEICBWT,
JEF-OEAAEEZ LS ED LIk~ T, Bfkmyv Y =2
YD IVT o ARE ST RE TR A SRS T DR
DUVTIRD Z EDBA LN/ -T2

1) WFNOEFOEESAEIZIBNTS, FHASMED
BN > TRARIHAZIR S BN L, AL E
LSBT E T ORI L 7R a R T

() T AR S TR IITA ST E DN SWVIRFZIEOR

AR, Hikﬁii_\ﬁﬁﬁ@iﬁﬂﬂ fEoTA
P2 L, 100[mN]LA ETISE—E DM E <7

() AR EOBEC X > T /LT v A S OfEAZE
b3 8icky, FEEFEDHER TS

4) FEEHEOBNNIL S TV T U ABE N, %
DIF RN FBSN O RE .

(5)  ETF-ORERMAFEC L - T~ /LT o AR SEA T
BT 5.



fEH, K, AHE, B F A4 Y F T =Y a VB AR V) a0 VT v ARSI TR IO

ZETTHR

1)

2)

3)

4
5)

BHEBE, IWOES, Al B, &, AT
LTI T T g VB L AR o
LD IVT ARSI RIE SRR O, 5 55
[B] H AP iR L Samii

SRR CCEE, (2011.10), pp.27-28

RHEBSC, VeERde, g, WS A
VF T = a DI MR BRI,
Vol.51, No.3, (2006), pp.57-62

BHEC, ARERE, OV AT T —
VaEIL LB a—T ¢ RO T i S R
FEAM, J\EFRET SRS 5 8 RIRFJERCR R
S EEH, (2008), pp.16-17

ISO/TC 164/SC 3N 771, #ABriE, (2001)

R : WD b T A Ao DR — T A
VT Ty a AR DM A e —, AT
TARaU— (Fth), (2012.2), pp.26-28

CPB24E1I H 6 H )

101






WSS M AR e & 4843 (2) 7, 2012

103

REREDE7 7 A N ZHWIE~ A4 7 aFk v oMM

WA=

Characterization of a Optical Microphone with Polarization Maintaining Fiber

Hiroyuki NIKKUNI

In this study, a optical microphone using polarization maintaining fiber was experimentally

examined. The microphone consists of a square diaphragm and the fiber on the diaphragm. The

dimensions of the fabricated microphone were 20mm X 20mm X 0.139mm. In order to measure

the phase sensitivity, pressure was applied to the diaphragm by a syringe. The microphone was

successfully tested using a semiconductor laser at 635nm. The sensitivity was evaluated to be

0.16mrad/Pa which was smaller than that of the theoretical estimate by a factor of 1/19.

Keywords : optical microphone, diaphragm, polarization maintaining fiber
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Development of teaching materials for MOEMS technology using photolithography
Hiroshi ITO, Hiroyuki NIKKUNI

We experimentally examined photolithographic process in order to develop educational materials
for MOEMS using photolithography. By the study, the processing accuracy was evaluated to
be 3 um. Also, single mode optical waveguides on silicon were successfully fabricated by the
photolithography. Moreover, the pectinate electrode for the evaluation of condensed matter was
fabricated by the photolithographic process on the silicon and some film materials and then the
electrical resistivities of the samples were easily measured by the electrical tester. It was noted that
the photolithography would be the base system for teaching materials of the student's experiment in
the MOEMS technologies.
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Crystal Growth of Compound Semiconductor GaS on a Glass Substrate

Hiroshi ITO

Crystal growth of gallium sulfide (GaS) was carried out using the electron beam vapor deposition
on an amorphous glass substrate. The polycrystalline GaS thin films were deposited at the low
substrate temperature of 100C using the hot metal cover on the substrate. It was found that the
crystal grains were growing at the deposited film thickness of more than 300nm from analysis of
the measurement results of the X-ray diffraction patterns. The hexagonal surface structures were
also observed by SEM related with the crystal structure of GaS. These hexagonal structures were

growing beside the gallium rich grain.

Keywords : layered semiconductor, thin film, crystal growth
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Current-Voltage characteristics of MOSFET with the amorphous Si built as trial
Masamitsu YUGA

The MOS (metal oxide semiconductor) FET (field effect transistor) was produced using
an amorphous Si (a-Si) . Usually, after producing silicon dioxide films (SiO,) , the structure of
MOSFET is made from single crystalline silicon (c-Si) by the method of impurity diffusing.

However, as the SiO, films does not grow on a-Si, the impurity diffusing cannot be used.
Then, the a-Si was made to deposit on ¢-Si which was grown up beforehand SiO,. Deposition was
performed using the equipment plasma CVD. In this case, the ¢-Si is n type and the a-Si becomes p
type produced by high frequency electric discharge using SiH, and B,H,.

Finally, source and drain are formed in the a-Si side and gate is made at the c-Si side. The
source, drain and gate electrode was formed with vapor-deposited aluminum. Although the current
between source and drain was quite small compared with c-Si MOSFET, if voltage was applied to
gate electrode, the drain current I, will begin to flow slightly by a formed channel. By measuring
I, influenced by V¢, an electron mobility u inside a-Si and the threshold voltage Vi required for a
channel to be formed were calculable.

As a result, the simulation of the u obtained from measured value was able to be carried out using
the assumed formula p=p, (exp (aVy;) —1) similar to current the diode. Here, the coefficient a
became the range of 0.2 to 0.3, and the value of y, was 0.02[cm®/Vs].

Keywords : amorphous Si, plasma CVD apparatus, MOSFET
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The Tutorial Web Site for the Students Studying Microcomputers
Toshifumi KOSAKA, Katsushi MATSUBAYASHI, Sadanobu YOSHIMOTO

The students that are Robocon Seminar members or Embedded System Project members study

microcomputer to use it just as tool, while the students that study in Computer Science Course

study microcomputer to study the principle of computers. For such students, the microcomputer

tutorial Web site has been developed for ten years. This report shows the concept and abstracts of

the Web site.

Keywords : Microcomputer, tutorial Web site, H8/3048
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A Study on Immediate Mobile Multihop Communications

Akira TANAKA

Along with the popularization of Internet, communication systems become more familiar to

our daily life. In such networked societies, meticulously improved mobility of communications is

desirable. We developed a series of immediate mobile multihop communication systems that enable

user-oriented communications: multihop uni-/multi-/broad-cast chat with smartphones, infrared

multihop error correcting communication system, infrared multihop multi-/uni-cast switching system,

multipath-problem solving function, and improved multihop routing with mobility-prediction/reduced

procedures for UHF wireless systems.

Keywords : mobile multihop communications, routing, multicast
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Development of Educational Simulation Tools
for Science and Engineering
Ken-ichi TSUCHIYA", Akira SEITOH” and Illka ALEKSI YLIOJA®

Molecular dynamics (MD) is a powerful simulation tool for modern science and engineering. In
this study, we have shown the proto-type MD application as an educational tool for the biginners.
Rigid sphere model and Verlet method were used as theoretical foundations for the interacting or
non-interacting many-particle systems. For the visualization tool, MS visual C++ was used.

Keywords : educational simulation tool, morecular dynamics, rigid shphere model, Verlet method

1 Introduction

By the recent development of nano-technology, the necessity of teaching MD to the beginner
of science and technology has become higher and higher. However, it is very hard to prepare MD
applications for all students in the class room because they are too expensive. Therefore, we have
shown the method how to teach MD from the basic principle inexpensively.

The Verlet method [1] based on the finite difference method was used in the calculation of
the time evolution. Firstly, many body system including non-interactiong rigid sphers in the one
dimensional box was asuumed for the calculation. And gradually, we developed it to the interacting
many body system in the 3 dimensional box. On the surfaces of the box, we did not adopt the
periodic boundary condtion in order to reach the intuitive understanding. Therefore, the collision
between a particle and a wall of the box was asuumed to be the elastic collision without the loss
of energy.

Using free version of MS Visual C++ as an integrated development environment, it is designed
that the results are visualized on the display in real time. The movement of a particle was achieved

by the iteration of draw-vanish-redraw.

2 Simulation for the Chargeless Rigid Sphere Molecules

Here, we show the simulation for the chargeless rigid sphere molecules moving in the 2 dimen-
sional box. The molecules are assumed to be classical particles, whose velocities are changed only

at the elastic collisions.

IDepartment of Chemical Science and Engineering
2Department of Liberal Arts (Mathematics)
3Helsinki Polytechnic
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2.1 Classical Mechanics

If the initial position, velocity and acceleration of a particle are defined as

r, = (5507310720) (1)
Vo = (vz()? vyO? sz) (2)
o = (am,ay,a,), (3)

the position and the velocity of the particle at time t are written as
]' 2
r = r,+vVvet+ Eat (4)
v = v,+at, (5)

where r and v satisfy v = %. For the case of the uniform linear motion, the position of the particle
at time t is written as
r=r,+ Vi, (6)

where no force is applied to the particle because o« = 0.

2.2 Elastic Collision to the Wall

Firstly, we consider a particle in the 2 dimensional square box which is shown in Fig.1, and try
to find the true collision point. The initial conditions are

ro, = (%o,Y) (7)
(a,b). (8)

Vo

Before the first collision to a wall, the position of the particle is written as

r(t) = (x(t),y(1) 9)
x(t) = =z +at (10)
y(t) = yo+0bt. (11)

If we consider the mass point, the collisions are classified as the following four possibilities.

(a) Collision to the left wall
The collision time ¢, satisfies 2(t,) = x, + at, = 0, therefore t, = —=2.

(b) Collision to the right wall
The collision time ¢, satisfies x(t,) = x, + at,, = L, therefore t, = Logo

(¢) Collision to the upper wall

The collision time ¢, satisfies y(t,) = y, + at, = L, therefore t, = %
(d) Collision to the downside wall
The collision time ¢, satisfies y(t.) = yo + at, = 0, therefore ¢, = —%.

If we consider a sphere particle with radius r, the collision times are slightly different from the

cases described above.
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Fig. 1 Particle in a Box

(A) Collision to the left wall
The collision time ¢, satisfies x(t,) = x, + at, = r, therefore ¢, = =—*2.

(B) Collision to the right wall
The collision time t, satisfies x(¢,) = z, + at, = L — r, therefore ¢, =

(C) Collision to the upper wall

The collision time ¢, satisfies y(t,) = yo + at, = L — r, therefore ¢, = L :

(D) Collision to the downside wall
The collision time ¢, satisfies y(t.) = yo + at, = r, therefore t, = =¥,

In these possibilities, negative collision time corresponds to the past collision, which should be
omitted. We should select the minimum collision time in the positive solutions. For the cases of
the point P and Q in Fig.1, the collision times are negative. Therefore, we should omit them. For
the cases of the point R and S, the collision times are positive. Comparing these two cases, t, for
the point R is smaller than ¢, for the point S. Therefore, we should select the position R as the
true collision point.

Secondly, we consider the elastic reflection of a particle at the collision point. Generally, the
momentum parallel to the wall is conserved in the elastic reflection, because the mass of the wall
can be regarded as infinite. On the other hand, the sign of the momentum perpendicular to the

wall is reversed. For example, the reflection at the point R in Fig.1 converts the velocity as
v, = (a,b) — v, = (—a,b), (12)

because it is a collision to the right wall. The collision to the left wall also converts the velocity as

eq.(12). The collisions to the upper and downside walls convert the velocity as
v, = (a,b) — v, = (a, —b). (13)

After the first collision, we continue the same process again and again.
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2.3 Collision between Two Particles

Here, we show the mathematical description of the elastic collision between the same particles.
Generally, the instantaneous distance between the two particles at the collision equals the diameter
of the particle. If the initial positions and velocities of the particle i and j are (r,,v,) and (r;,v;),
it is written as

|(r; +vits;) — (v; +v,t,)| = d, (14)

where ¢,; and d mean the collision time and the diameter of the particle, respectively. This means
that the relative distance of the two particles equals to the diameter of the particle at the collision.

For the convenience, we define the relative distance and velocity as

r, = T,—T, (15)
v, = V,—V,. (16)
Using them, eq.(14) is rewritten as

|r,; + vit;] =d. (17)

This equation leads to
v 4 2t;b,; + v = d, (18)

where b,; is defined as
b, =t -vi, (19)

> Vi, = v -v,;. We can regard eq.(18) as a quadratic equation for ¢,;. Therefore,

andr?, =r; T
it is rewritten as
Vit +2b,t; + 1l —d* =0, (20)

ijig

whose solutions are

by 02 - vE (2 — )

ijE T

(21)

V2

ij
The positive real roots give future collision times, which are shown in Fig.2. In these two roots, the
smaller root t,

ij—

gives real solution, while the larger root t,;, gives ghost solution. The negative

real roots give past solutions, which are shown in Fig.3.

Fig. 2 Future Collisions between the Particles ¢ and j
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/ past

Fig. 3 Past Collisions between the Particles ¢ and j

The two particles moving along the same direction never collide with each other, which are shown
in Fig.4. In this case, the discriminant D = b7, — v},(r?, — d*) in eq.(21) is negative. Therefore it

gives imaginary collision time. In all roots described above, we should select ¢,;_ in Fig.2 as a real

ij—

solution.

D<0

j

Fig. 4 The Two Particles Moving along the Same Direction

Finding the true collision between the two particles by using the method described above, the
velocity converting process should be done. It is achieved in keeping with the law of momentum

and energy conservations which are written as

mv, + mv; = ’ITLV; + mv; (22)
1 1 1 1
§mvf + §mv]2. = imvz2 + Emvf, (23)

where v and v’ mean the velocities before and after the collisions, respectively. They are shown
in Fig.5. In order to conserve momentum before and after the collision, the momentums along
the vector d should be exchanged while the momentums perpendicular to the vector d should be
conserved. If we define d = d/|d| as the unit vector along d, the components of the velocity along
d are written as (v, - d)d and (v, - d)d. Therefore, the velocities after the collision are expressed

139
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Fig. 5 Collision between Two Particles

as

vi=v,—(v;;-d)d (24)
v =, + (v, - d)d, (25)

where the components of the velocities along d before the collision are exchanged. It is easy to
show the momentum conservation by summing up the both sides of eq.(24) and eq.(25). It gives

VitV =V, + V), (26)

which is consistent with eq.(22). We can also show the energy consevation by using eq.(24) and
eq.(25). They give
VIV =vi=2(v, - d)v,-d+ (v, - d)Pd-d+vE+2(v - d)v, cd + (v, - d)Pd-d (27)
As the unit vector d gives d - d = 1, eq.(27) is rewritten as
v+ vii=vi4 v (28)

This corresponds to the energy conservation before and after the collision, which is consistent with
eq.(23).

2.4 N-body Problem in a 2 Dimensional Box

In 2.2, collision between a particle and a wall was explained. In 2.3, collisions between two
particles were explained. Here, we show the simulation algorithm for the system including N-

particles in a 2 dimensional box. It is described as following steps.
1. Give the initial positions and velocities for all particles in the 2 dimensional box.
2. Calculate the collision times to the wall for all particles, and select the minimum one.

3. Calculate the collision times between two particles for all combinations, and select the mini-

muim one.
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4. Comparing the minima in the step 2 and 3, select the smaller one. It is the minimum time
of the collision event in this system.

5. Move the all particles until the minimum time obtained in the step 4.

6. Do the collision operation. If the event happens on the wall, convert the velocity by using
eq.(12) and eq.(13). If the event happens between the two particles, convert the velocities
by using eq.(24) and eq.(25).

7. Return to the step 2. (After the enough iteration, stop the calculations.)

Moving the characters on the computer display is achieved by drawing, vanishing and drawing at
near position. The command for the drawing is prepared by each application. The vanishing is
done by superimposing the same color as the background onto the old character.

3 Simmulation for the Interacting N-particle System

In section 1, we showed the simmulation for the non-interacting N-particle system, which can
be regarded as the gas of the rigid body in a 2 dimensional box. Here, we show the simulation for
the interacting N-particle system. For example, we treat the electron gas in a 2 dimensional box.
In this system, the collisions between electrons will never happen because the repulsive Coulomb
forces between electrons are extremely large for short distances. The forces between them change
the velocities of the electrons even if the collisions do not occur.

3.1 Force between the Two Particlces

If we define the pair wise interaction as V (r;;) where r,; is the distance between the particles ¢

and j, the force between them is written as
f., = —grad V(r,;). (29)

For the case of two electrons whose charges are —e and distance is r, the interaction between them

is written as ,

Vi(r)= 30
(r) Tneur (30)
where €, is the permiability of the vacume. This gives the force between the two electrons as
62
f= r 31
47e,r? T (31)

where T is the unit vector of the radial direction. This foece is repulsivie because all of the electrons
have same charege —e.
The force applied to the particle ¢ in the N-body system is expressed as the summation of the

force from the other particles which is given by

F, = —grad, ZV(rij), (32)

i#j
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where grad, = ia%i + jaiyi + k%. The movement of the particle i depends on the force F,.
However, the many-body problem is fundamentally difficult because the movements of the other
N — 1 particles also depend on the movement of the particle i. They link each other. This is
the reason why the general solution for N-body problem do not exist for N > 3. The molecurar

dynamics gives approximate solution for the movement of the particles in the N-body systems.

4 Verlet Method

In Verlet method [1], the position of the particle is expanded into the power of the minute time
At as

r(t+ A = () + d’;l(tt) At + %d;‘;gt) (AD)? + %djtgt) (A + O(AD)? (33)
r(t — A = r() - dtl(:) At + %di;(f)( ) - %dz(f) (At)° + O(AL)*, (34)

where O(At)* means the summation of the higher order terms than (A¢)%. By using eq.(33) and
eq.(34), we obtain

d?r(t)

r(t+ AN +r(t =AY = 20(t) + (A +O(A)’ (35)
r(t+ At) —r(t — At) = zd‘:j(tt) At + O(AL) . (36)

These equations are rewritten as

r(t+At) = 2r(t) —r(t — At) + %t)(At)2 + O(Ae)* (37)
vit) = r(t+ At)2;tr(t — At) L O(A, (38)

where F, m, and v mean force, mass and velocity, respectively. We can interpret eq.(37) as
following. The position of a particle after At second is given by using position at present, position
before At second and force at present. In mathematics, they are called finite difference methd
whose accuracies depend on the omitted term O(A¢#)". By the way, we can obtain the acceleration

within the same approximation in eq.(38) as

F(t) _ v(t+ At/2) —v(t — At/2)

ps 5 +O(AY>. (39)

This equation leads to

F(t)

v(t+ At/2) = v(t — At/2) + TN + O(At)°. (40)

As well as the interpretation of eq.(37), we can use eq.(40) for knowing the future velocity from
the past and present data. From eq.(38), we also obtain

t+ At) —r(t)

v(t+Atj2) = 5 o +O(AL)2. (41)

This equation leads to

r(t + At) = £(t) + v(t + At/2) At + O(AL)”. (42)
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We can use eq.(40) and eq.(42) alternately and update the position of the particle. This is called
leap-frog method, because it is similar to the leaps of a frog.

It should be noted here that the force applied to a particle includes the all effects from the other
N — 1 particles in the N-particle system. In this case, eq.(40) and eq.(42) should be expressed as

Vit +At/2) = vi(t—At)2) + F"T(”At +O(AL)? (43)
r(t+ At = () + vi(t+ AtJ2)At + O(AL), (44)

where F; is a force applied to the particle 7. It is defined as
F.(t) =Y f,(), (45)
i

where £ (¢) is a pair wise force between the particle i and j at positions r;(¢) and r;(¢), respectively.
In eq.(45), the summation over j should be performed with fixed i. In this summation, j # ¢ means
the exclusion of j =4 in order to avoid the self interaction. We should calculate v, (¢t + At/2) and
r;(t+ At) fori =1,2,--- ,N.

For the case of the Coulomb interacting electron gas, f,

1;(t) is caluculated by eq.(31) with
r=r(t) —r;(t)] and £ = {r:(t) —r; (1) }/|r:(t) — r;(2)].

4.1 Simulation Algorithm

In the interacting N-body problem without any collisions, we do not need to find collision time
between particles. It is a significant difference from the previous section. Here, we should only
consider the collision between a particle and a wall. The algorithm for this chapter is summarized

as following steps.
1. Give the initial positions and the velocities for all the particles in 2 dimensional box.
2. Calculate the forces applied to every particle by using eq.(45).
3. Calculate the new velocity of all particles by using eq.(43).
4. Calculate the new positions of all particles by using eq.(44).

5. If the collision between a particle and a wall is happen, do the collision operation by using
eq.(12) and eq.(13).

6. Update the time by adding At and return to the step 2. (After the enough iteration, stop

the calculations.)

4.2 Atomic Unit

For the microscopic calcullation, we usually use atomic unit based on the Bohr’s quantum
theory. In this theory, radius of the stable orbital, the tangential velocity and the binding energy

143



144 HRU TSRS M AR e & (5843 (2) %)

of an electron bound to a hydrogen are quantized as

e h*
= 7T’IO77,62 (46)
62
U = 2e,hn (47)
me*
E. =  8e2h’n? (48)
0
(n = 13 27 U )

where m is the mass of electron. In atomic unit, physical quantities are measured in the unit of the
ground state quantity. For example, the velosity v and the position r are normalized as v = v /v,
and T =r/a,. The time ¢ is also normalized by the rotational period of the ground state electron,
which is given by ¢, = 27a, /v, as t= t/t,. The equations using in our calculation are normalized

as
v.(f+ AE/2) = v.(I—A1/2) + F, ()AL + O(AD)? (49)
F(E+ AL = 1,(0) + 27V, (f + At/2) At + O(At)? (50)
F.(5) =) f,), (51)

i
where the normalized pair wize force is defined for the electron pair as

- 2

£, () &, (52)

where €,; means the unit vector of the repulsive direction between the particles ¢ and j. The unit

vecter is written as

i3

i f.j
2 (53)

B

&, =

D

In these equations, physical quantities are translated into non dimensional quantities. The deriva-
tion of eq.(52) is written as

e? 1 e? -1 27 -
—At— = ———t, At— = —A¢t. 54
dweor? v, e a3r? T, 72 (54)

The derivation of the second term of the right hand side in eq.(50) is written as

vAt v, 0t AL
a o

= 2nOAL. (55)

5 3 Dimensional Simulations

When we show the results of 3 dimensional sumulations, the objects should be projected on
the 2 dimensional computer display. Here, we consider the method how to translate the real

coordinates (x,y, z) into the imaginary coordinates (z’,y') on the display.
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A View Point
P(xy. Vv. Z)

Q¥

Q(xﬂ’ .\'0‘ Zﬂj
Object d

X

5.1 Perspective Projection

The concept of perspective projection is illustlated in Fig.6. In this method, a point object
sitting on the point Q(z., ., 2,) are viewed through the view plane from the view point P(z,,y,, 2, )-
The line PQ penetrates the view plane at the point Q'(z’,y’,d), where the parameter d is the
distance between the view plane and the x — y plane. The equation for the line PQ is written as

- - z—z
v — y y'U — v . (56)
T, — T, Yo — Yy Zo T Xy
As the point Q'(z),y’,d) exists on the line PQ, the coordinates satisfy
T —x, L=y, d— z,
0 _ Y=Y _ . (57)
T, — T, Yo = Yy Zo T 2y
Therefore, we obtain
d—z
x = ~(xz, —x,) +x,
Zo — 2
d—z
. = ~ (Y, — ¥, v 58
v, zo_zv(y Y.) +y (58)

By using eq.(58), the 3 dimensional coordinates (z.,,y.,,2,) are translated into the 2 dimensional
coordinates (x',y’), which define the projected position onto the view plane.

This is just the method for a point object. For the case of the real object that has finte volume,
we can use same procedure by regarding it as a set of point objects. For example, a tetrahedron
can be regarded as a set, of four points. If these four points are known, we can plot projected points
on the view plane by using the method described above. We can recognize these points on the 2

dimensional view plane as a tetrahedron.

6 An Example of the Source Code

Now, we show an example of the source code for the Coulomb interacting N-particle system in
the 3 dimensional box. This code was created on the Windows Form Application of MS Visual
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C++ 2010 Express [2]. The graphic commands used here were DrawLine and FillPie. DrawLine
is a command for drawing a straight line from a point to another point. FillPie is a command for
filling an ellipsoid with a color. Further details about them can be found in many websites.

Graphics”™ g=e->Graphics;
double dt=0.5,a=250.0,d=a,xv=3.0%a,yv=4.0%a,zv=5.0%a;
int i,j,N=15; long n=0,nmax=100000,k,kmax=3000000;
double phi=2.0*acos(-1.0)/(double)N,tpi=2.0*acos(-1.0),R=6.0,R2=2.0%R
,A=1.5%R*(double)N
,X0=2.0%*a/3.0,Y0=7.0*a/4.0,xg,yg,x[21],y[21],z[21] ,vx[21] ,vy[21] ,vz[21]
,r,F[21]1[21] ,ex[21] [21],ey[21][21],ez[21] [21] ,Fx,Fy,Fz
,X[8],Y[8],z[8],Xpl8],Yp[8];
float Xg[8],Ygl[8],fR2=(float)R2,fx[21],fy[21];
X[0]1=0.0; Y[0]=0.0; Z[0]=0.0;
X[1]=a ; Y[1]1=0.0; Z[1]=0.0;
X[2]=a ; Y[2]=a ; Z[2]=0.0;
X[31=0.0; Y[3]=a ; Z[3]=0.0;
X[4]1=0.0; Y[4]=0.0; Z[4]=a ;
X[5]=a ; Y[5]=0.0; Z[5]=a ;
X[6]l=a ; Y[6l=a ; Z[6l=a ;
X[71=0.0; Y[7]l=a ; Z[7]=a ;
for (i=0;i<=T7;i++)
{Xplil=(a-zv) /(Z[il-zv)* (X[i]-xv)+xv; Yplil=(a-zv)/(Z[i]-zv)*(Y[i]l-yv)+yv;}
for (i=0;i<=T7;i++)
{Xg[il=(float) (X0+Xp[il); Yglil=(float) (YO-Yp[il);}
g->DrawLine(Pens: :Blue, Xg[1],Yg[1],Xgl[2],Yg[2]);
g->DrawLine(Pens: :Blue, Xgl[2],Yg[2],Xgl[3],Yg[31);
g->DrawLine(Pens: :Blue, Xgl[4],Yg[4],Xg[5],Ygl5]);
g->DrawLine(Pens: :Blue, Xgl[7],Yg[7],Xg[4],Yg[4]);
g->DrawLine (Pens: :Blue, Xg[1],Yg[1],Xg[5],Yg[51);
g->DrawLine(Pens: :Blue, Xg[3],Yg[3],Xgl7],Ygl71);
for(i=1;i<=N;i++){
x[il=a/2.0+A*cos (phi* (double) (i-1)); vx[i]=0.0;
y[il=a/2.0+A*sin(phi*(double) (i-1)); vy[il=0.0;
z[i]=a/2.0+10.0*pow(-1.0,1); vz[i]=0.0;%}
while(n<=nmax)
{
n++;
for(i=1;i<=N-1;i++){
for(j=i+1;j<=N;j++){
r=sqrt ((x[1]-x[j1)*(x[1]-x[JD+(y[i]l-y[D*(y[1]-y[3D)
+(zlil-z[j1)*(z[i1-2z[j1));
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ex[1] [j1=(x[11-x[j1)/r; ex[jl[il=-ex[i]l[j];
ey[i]1 [j1=(y[i1-y[31) /r; eyl[jl[il=-ey[il[j];
ez[il[j1=(z[i]1-z[j1) /r; ez[jllil=-ez[il[j];
Flil[j1=tpi/(r*r); FL[jI1[il1=F[il[j]; 13
for(i=1;i<=N;i++){
Fx=0.0; Fy=0.0; Fz=0.0;
for(j=1;j<=N;j++) if(i'=j)
{Fx+=F[i] [j1*ex[i]1[j]; Fy+=F[i]l[jl*ey[il[j]; Fz+=F[i][jl1*ez[i][j]1;}
vx[i]+=Fx*dt; x[i]+=tpi*vx[i]*dt;
vy [i]+=Fy*dt; y[i]l+=tpi*vy[i]l*dt;
vz [i]+=Fz*dt; z[i]+=tpi*vz[i]l*dt;
xg=X0+(d-zv) /(z[i]-zv) *(x[1]-xv)+xv; fx[i]=(float) (xg-R);
yg=Y0-(d-zv) /(z[i]l-zv) *(y[il-yv)-yv; fy[il=(float) (yg-R);}
g->DrawLine (Pens: :Black,Xg[0],Yg[0],Xg[1],Yg[1]1);
g->DrawLine(Pens: :Black,Xg[3],Yg[3],Xg[0],Yg[0]);
g->DrawLine(Pens: :Black,Xg[0],Yg[0],Xg[4],Yg[4]);
for(i=1;i<=N;i++)
g->FillPie(Brushes: :Black,fx[i],fy[i],fR2,fR2,360.0,360.0);
g->DrawLine(Pens: :Red,Xg[5],Yg[5] ,Xgl[6],Ygl6]);
g->DrawLine(Pens: :Red,Xg[6],Yg[6],Xg[7],Yg[7]1);
g->DrawLine(Pens: :Red,Xg[2],Yg[2] ,Xg[6],Yg[61);
for (k=0;k<=kmax;k++) ;
for(i=1;i<=N;i++)
g->FillPie(Brushes: :White,fx[i],fy[i],fR2,fR2,360.0,360.0);
for(i=1;i<=N;i++){
if (x[11<=R)  {x[il=R;  wvx[i]l=-vx[il;}
if (x[i]>=a-R) {x[il=a-R; vx[il=-vx[il;}
if(y[il<=R)  {y[il=R; vyl[il=-vy[il;}
if (y[il>=a-R) {y[il=a-R; vy[il=-vy[il;}
if(z[i]l<=R)  {z[il=R; wvz[il=-vz[il;}
if(z[il>=a-R) {z[il=a-R; vz[il=-vz[il;} 2
}
for(i=1;i<=N;i++)
g->FillPie(Brushes::Black,fx[i],fy[i],fR2,fR2,360.0,360.0);

7 Conclusion

We have shown an example of the lecture for the beginner of the computational science. Using

this example, we can conduct classes without depending on the commercially released softwares.
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